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ABSTRACT

This study describes a new fat-based vehicle (liposphere) that has been developed as a carrier
for vaccines. Manufacture of lipospheres is accomplished by gently meltiag neutral fat in the
presence of phospholipid and antigen, and then dispersing the melted mixture in an aqueous
suspension by vigorous shaking. Upen cooling of this mixture a phospholipid-stabilized solid
hydrophobic fat core containing antigen forms spontaneously. A typical composition of the
lipid phase of the lipospheres consists of a neutral fat, such as tristearin or ethvlstearate, and
a phospholipid such as lecithin. A recombinant malaria antigen, R32NS1, containing epitopes
derived from the circumsporozoite protein of Plasmodium falciparum, was incorporated in
lipospiierc<s together with lipid A as an adjuvant. After intramuscular injection of the
formulation in rabbits, high levels of specific IgG antibodies to the antigen were still present 12
weeks after primary immunization. Several chemical and physical parameters that might be
expected to influence the liposphere vaccine formulation were investigated. The particle size
distribution of lipospheres depended on the fat to phospholipid (F/PL) melar ratio, and the
immune response to liposphere-encapsulated R32NS1 was also dependent on the F/PL ratio.
For F/PL ratios of < 0.75 most of the lipospheres had an average diameter of less than 10 pm.
while at F/PL ratios of = 2.5 approximately 80% of the particles had an average size of 73 um.
Among the ratios tested, a maximal level of IgG antibody production was obtained at a F/PL.
ratio of 0.75, while at larger ratios decreased antibody production was observed. The effects
of antigen dose and phospholipid composition were also examined,

INTRODUCTION

q DYANCES IN THE PRODUCTION of synthetic peptide and recombinant protein antigens has led to a plentiful
supply of candidate antigens for human vaccines. Although these antigens are usually considered safe,
they often have less immunogenicity than the original cell or organism from which they were derived and may
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require the use of an adjuvant to provide an eftective vacame. At the present time, the onby adjovants tat are
approved for use in humans by the ULS . Food and Drug Adminisiranon are “adsorbent” adpuvants consisting
of aluminum compounds (often referred o as alunn ' Aunnoum based adjusants are not uadormiy

eltective and. althiougeh they have a reputation for satety ©stentle abseesses and persistent nodule have been
reported atter their use. particularly in the event of inadvertent sabcutaneous aduunistrayon

Incomplete Freund's adjuvant 1HA) o water-in-oil tw oy emulsion formulated with heht maneral ond and o
heterogencous stabilizer containming an ester of mannitol and oleie ackd CArlacel Ay, has been proposed as an
ail-based adjuvant tor human use and has been admmistered to more than 30000 mdividuals in the Unned
States as an adjuvant for influenza. polio. and other viral vaccines.” " Although 1A appears 1o be sate in
populations of humans that have been available for long-term study . the mineral onl of A s nonbrodegrad
able and the adjuvant can cause nodules or stertle abscesses insome subjects ™ Arkaeed A can be Labile in the
presence of certain antigens. resulting in release of free tatty aculs and promotion of reactogenienty ™ The
discovery that Arlacel A causes tumors in made Swiss mice ™ has highlizhted o potentid tor cacimogensciny
of Arfacel A even though an increased incidence of wmors has not been observed m bumans whe have
received TFALS A variety of safety issues has catsed considerable reduction m the use of THA in human
vaceines.”

Although liposomes and other oil-in-water (oowy adjuvant formulations hase been reponted o have onh
“limited adjuvant activity™ when compared 1o woo preparations.' a successtul human tial of alum-adsorbed
liposomes containing monophosphory! lipid A recently demonstrated that o formulution consisting of
combination of o'w and adsorbent adjuvants can have considerable safety and efficacs and may be usetul i
the development of a potential vaccine against the human malaria parasite (Plasmodnon jalciparomy

Lipospheres represent a new type of Jipid-based o w encapsulation technology that mas hase potential
usefulaess in the tformulation of human wd veterinury vaccines. Lipospheres consist of water-dispersible
microparticles composed of a solid hydrophobic fat core stabilized by one or more favers of phospholipids
embedded :n the particie surface. The objective of the present work wis 1o determine the effects of differen
tats and phespholipids on the physical characteristios of potential liposphere formutations, and to evaluate the
influence of a vaniety of different liposphere compositions on the immunogenicity of a recombinant protein
antigen containing epitopes trom the circumsporozoite prowin ol P falciparuar.

MATERIALS AND METHODS
Chemicels

Tristcarin (Dynasan 118 microcrystalline tighveeride) was obtained from Hils Troisdort AG «Germany ),
Ethyl stearate was purchased from Sigma Chemical Coo (8t Louis. MOb. Egg phosphatids leholine
tCoatsome NC-H08) was obtained from Nippon il & Fats Co. Lad. dapanmy, and dimyriston | phosphatidy |-
alycerol from Avanti Polar Lipids. Inc. (Alabaster. AL, Lipid A Gsolated from Salmonella minnesora RS93)
was from List Biological Laboratories (Campbell. CA)Y. Alum (A luminum hvdroside . Rehsorptar Adsorptinve
Geh) was obtained from Armour Pharmaceutical Co. (Kankakee, 11,

Antigens

The two malaria antigens used in this study. R32NST and R32ER. were supplicd under a Cooperatine
Rescarch und Development Agreement by SmithKline Beecham Pharmaccuticals (King of Prussia, PA)Y
R3I2SNIT Is a fusion protein with the following amino actd  sequence: [MDPONANPY (NVDP-
(NANP) (NVDPINSI,. The R32 refers to the 32 repeats of the tetrapeptide NANP interspersed with two
tetrapeptide NVDP repeats from the immunodonminant repeat region of the circumspore/zoite (CS) protein of
P falciparam, and NS 1, refers to 81 amino acids from the nonstractural protein of influcnza virus. NS, s
added because it is thought to inctude human T-helper celt epitopes and to function as acarrier protein. ' n the
case of R32LR.R32 is finked to the first two amino acids. feucine and arginine (LR from a nonsense reading

RHE
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. . . 18 -y - .
of the tetracycline gene of the vector. ' The RI2LR was used as capture antigen in the BLISA insay sinee if
contains the sume repenting units as the RA2NST antigen used for immumzation

Prepuaration of lipospheres

The lipid components (neutral Tat, phospholipid. and lipid A) at the indicated molar ratios were dissolhved
in chloroform in a round-bottomed flask. Lipid A was included in the lipaspheres because it has been used
effectively by many laboratories to eahance humoral immunity to o wide range of antigens due to s adpn ant
properties.'” It was added 1o the lipid mixture at a weight ratio of T mz of lipid A per 300 mg ot neutral tat The
organic solvent was evaporated using a rotary evaporator and the tTash was placed i a desiceator under
reduced pressure for 1 h to remove traces of residual solvent. The dry fiptd miature wis then heated to 30 ¢
to melt the ethyl stearate (m.p.. 35°C). Warm phosphate-butiered saline (Dulhecco™s PBS. GIBCG, NY)
containing the R3ZNS T malaria antigen (3.3 mgsmb) was added 1o give fat and phosphalipid concentrations of
50 and 15 mg/ml, respectively, and the formulation was vigorousty mixed for | min using a multiwrnist shaker
{Lab-Line Instruments Inc.. Melrose Park, IL) until & homogencous dispersion was obutained. The unitorm
milky-appearing suspension was immediately cooled below 20°C by immersing the fhsk in a dry ice-acctone
bath for several seconds with continued shaking. Unencapsulared antigen wi remesvnd b centrignararion
12.000 X ¢ for 30 min at 20°C and washings with fresh PBS solution. Antigen encapsulation wis -80% as
determined by 4 modificd Lowry method for protein determination. '™ The antigen-tree tristearin fipospheres
shown in Fig. | were prepared in the sume way except for the mehting step. which was performed wt 63 €
{tristearin m.p. is approximately 60°C). and hot butfer solution t60-707C). which was used in this case o
disperse the melted fat vehicle and lipid mixture.

Particle size determination

Analysis of particle size distribution of Hipospheres was performed using an LS 100 Coufter Counter Parucle
Size Analyzer (Coulter Corp., Hialeah. FL). This instrument. which can measure particles from 0.4 10 800
pm by particle size-dependent light diffraction patterns. is cquipped with four main uaits: optical modale.
fluid module. computer. and printer. The optical module contains the laser light source. spatial filter and
projection lens, diffraction sample cell. photodiode detectors, and Fourier Ienses. The faser’s radiation (750
nm wavelength. 4 mW operating power) passes through the spatial filter and projection lens to form a beam of
collimated light. The ditfraction sample cell shapes the suspen: “on fluid and sample into a thin (3-mn sheet
which flows at right angles to the laser beam that passes through it. The Fourier lenses collect the diftracted
light and focuse it onto three sets of detectors for low-. mid-. and high-angle scattering. forming an image of
the entire diffraction pattern tor each particle. The individual diffraction patterns from the many moving
particles in the sample cell are then superimposed. creating a single integrated composite diffraction pattern
that reflects the contribution trom cach particke and atlows the determination of particle size distribution.

The computer (IBM compatible) uses an LS 130 software program tan integrated set of Microsofl
window-based application programs) which controls the LS series instruments. processes the Jata, analvzes
test results, and prints test reports. In the analysis mode. the particle size distribution plots can be computed
as ¢ither number-, surface-, or volume-weighted distributions of particle diameter.

Immunization procedures

Rabbits (4 animals per group) were immunized intramuscularly at 0 and 4 weeks with 0.5-1.0 mi of
liposphere formulations. The lipid A dose in all cases was 50 wg/rabbit. Each formulation was adsorbed on
alum (0.8 mg/ml final concentration) prior to injection. The animals were bled before the primary
immunization and every two weeks thereafter. The sera were collected and stored at - 20°C until tested for
antibody production.
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FIG. 1. Light microscopy ab plam lipospheres composed of e testeann owt voly and 29 cee phosphugady Ichohne

-

awt volyin phosphate-buflered saline.

Al of the diposphere forndations jected contatmng Hprd A (30 g rabbin were nonpyiosenie and
nontoxic. and they were gencrally well olerated. NoJoecal iflapumation or other side effects were obwerved
at the stte of adimmistration during the 3-month period o the experiment.

Encvime-linked innmmosovbent assay (ELISA)
Solid phase ELISAN were carred out toey aluate the desels of TeGrantibody activity agatnsta capture antigen
(RI21.R) containing the sanie repeating units as the antigen that was used tor mimunization. ' Assavs were

performed at room temperature i Y6-well U7 -bottomed Emmulon-2 polysiviene seroplates (1 nateeh
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Laboratories, Alexandna. VAL The wells were couted with 0.1 pe of RIZER antizen dissobved m PBRS
Approximately 18 h fater. the contents of the wells were aspiruted | illed with blocking butter (0.5 casen,
0.01% thimerosal, 0.005% phenol red. and 196 Tween-26 i PBS). and held for Th at room temperature
Rabbit sera to be tested were dituted in 0,54 blocking buiter contutung 0,025 Pween 20, and ahguots of
cach dilution were added to triplicate wells, After a 2-h incubation at room temperature. the contents of the
wells were aspirited, washed three tmes with PBS-Tween 20 (0,050 and 30 e of horseradish
peroxidase-conjugated coat anti-rubbit 1eG (Bio-Rud. Richmond. CAL diluted 12 1000 an 0 54 blockmy
bulter containing 0.025% Tween 20) wis added to cach wetll Atter T h the contents of the wells were
aspirated. the wells were washed three times wath PRS- Tween 20 washung solunion. and (00 gl o
ABTS-peroxiduse substrate (Kirkgaard and Perry Laboratories, e, Guithersburg, MDDy was then added to
cach well, Absorbance was read at 305 nm { h atter addition of peroxidase substrate using an automatic LIS A
plate reader (Skatron, Norway).

RESULTS
Physical characteristics of lipospheres

A typical preparation of lipospheres composed of tristearin and fecithin contams purticies thut have a
unitorm spherical shape (Fig. 1), The particle size distribution of liposphieres depends on the neutral tat o
phospholipid molar ratio (Table 1 and Fig. 2). Two populations of fiposphere particlos typicdis coenist. one
in the size range of [-10-pm diameter (population Ay and a sccond populution with a diameter between i
and 80 pm (population B). Under conditions where the fatPL ratio i high ¢ 2.5 the large particle
population is predominant. whereas for fat/PL ratios of = .75 most of the lipospheres hav e a dramictes of foss
than 10 pm.

in the analysis display mode of the particie stze analyzer used in this study (see Matertads and Methadsy the
particle size distribution plots can be computed as either a number-. surface-, or volume-weighted distribution
of particle diameter. The data shown in Fig. 2 represent volumie-weighted distrihutions plotted as a funchion
ol particle diameter. The ordinate represents the nwmber of particles multiplied by their volume given
arbitrary units and normalized to 100, The abscissa represents partick diameter and is divided inter a fined
number of discrete bins. or slices, in a distribution pattern. The initial measurements that emerge from the
instrument represent a light-scattering intensity-weighted diameter distnbution. The number- and volume-
weighted distributions are then obtained mathematically from the intensity-weighted results by applyving the
rules of light scattering. The autocorrelation function of scattered light intensity s proportional to the number
of particles N, having & diameter o, multiplied by the individual square volume of the particle (V)7 which is
proportional 1o ()", That is. volume-weighted particle size distribution is obtamed from the intensity -
weighted distribution by dividing by V.. To obtain the number-weighted distribution. one additional division
of the intensity-weighted distribution is performed to give just N, Thus, the volume-weighted distribution

TABLE 1. PARTICLE Stz DISTRIBUNION OF RI2NST-LIPOSPHERES As A FUNCHON oF Thim NUUIRAS
FatPaoseiion i Ranio

Popudation A Population B
FaiPL Volume % Average size Vilume ‘4 Average Moo
molar ratio of particles fpan) of particles (i
0.75 70 6.2 30 44
1.25 45 6.3 55 61
2.50 23 8.5 77 73

The data represent the mean values ol at least three batches of lipospheres as determined by the LS 1040 Coulter Particle
Size Analyzer (see Materials and Mcthods for more detailsy,
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Fat/PL= 2.50

VOLUME (%)
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FIG. 2. Particle size distribution of lipospheres as tunction of their fat phospholipid molar ratio. Lipospheres containing

the R32NS T malaria antigen were made from cthylstearate and cpg lecithinat different molarratios (A - 25008 - 125

C = 0.75) and suspended in PBS. They were analyzed for purticle size distribution using an LS 100 Coulter Particte Size

Analyzer.

(weighted by diameter cubed), which takes into consideration the actual mass of the particles. is & more
accurate approach to determine the total particle size distribution of a given sample.

For lipospheres, the average size of the particles increases with increasing favPL ratio (Table 1. For
example. at a fat/PL ratio of 2.5 only 23% of the particles had an average size of 8.5 pm and the remaining
77% showed an average diameter of 73 pm (Fig. 2A). Atlower tat/PL ratios. the volume pereentage of large
particles (population B. Tuble 1: Figs. 2B.CY decreuses gradually . while the volume percentage of the smalier
lipospheres (population A, Table 1) increases.

When an alternative adjuvant, alum (aluminum hydroxide). was examined by itself for comparative
purposes under the same conditions, an average particle sive of {44+ 7.9 i was found. with only 2% ot
the alum particles being larger than 33.5 pny in diameter (data not shown).
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LIPOSPHERES AS VACCINL CARRIER SYSTEM
Lffect of antigen dose on immine response o encapsidated antigen

The rote of antigen dose i the immune response to liposphere-encapsulated malaria antigen, ES(R3I2INS 1.
ts shown in Figs, Jand 4. 1gG antibodies against R32NST were observed 1o oceur in ribbits 2 weeks atter the
primary immunization. and titers were enhanced by a boosting injection of encapsulated antigen given at 4
weeks after the primary injection. A five-told increase in the antibody titer was obtained in rabbits receiving
two 10-pg doses of LSIRI2NST) compared to those injected with two -pg doses (Fig. 33 Two doses of
100 pg of antigen did not result in further increase in the [gG antibody level above that obtained with < 1o
10-pg doses. and these two doses were not significantly different in their antibody activity (p = 0.284).
Antibody titers in rabbits receiving the two 10-pg and two 100-pg doses were detected even at 11,600 serum
dilution (Fig. 4).

It 1s worth noting that the {gG antibody ELISA titers obtained on immwunizing rubbits with LSIRIINS 1)
were supertior to those obtained tollowing similar inimunizations with the free antigen absorbed to alum.
which showed no antibody activity at the same antigen concentrations (Richards and Alving. unpublished
results).

Effect of phospholipid composition on immunogeniciry

The time course of 1gG antibody activity as a tunction of liposphere phospholipid composition is shown in
Fig. 5. Incorporation of a negatively charged phospholipid. dimyristoyl phosphatidylglyceroh (DMPG). in the

—8— 1 ugAg
257 —e— 10 ugAg
—O— 100 49 Ag
2.0
E
c
n
o
T 15
w
(&
=
<
2101
o]
[72)
[s4]
<
0.5 1
Boost
0.0 - — S S S B

0 2 4 6 8 10 12
WEEKS AFTER PRIMARY IMMUNIZATION

FIG. 3. Effect of untigen dose on IgG antibody activity in rabbits immunized with R3INST malaria antigen
encapsulated in fipospheres. Each point represents the mean ELISA absorbance vadue o rabbits pae groupd afier
subtraction of the preimmune vadue at a serum dilution of 12 200. Each rabbit was inmunized at 0 and 4 weeks with the
indicated doses of antigen. Fat/phospholipid molar ratio = 250, The values in the curves tor 10 pg and 100 pg were not
significantly ditferent (p = 028 two-taifed Student's 7-tes).
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FIG. 4. ELISA 12G antibody activity at 6 weeks in rabbits immunized twice rat @ and dwecksywith 1o 10 and 1y
doses of R32NS | malaria antigen encapsulated in tipospheres. Each point represents the mean ELISA antibody response
(4 rabbits per group) at the indicated serum dilution atter subtraction of the preimmane value. Fat phosphalipid molar
ratio = 2.50. The values in the curves Tor 10 pg and 100 pg were not sienificantly difterent (p = 0 28 two-taded
Student’s r-test).

liposphere lipid phase caused a significant increase in the antibody response to the encapsuluted R32NS!
antigen (Figs. 5 and 6). This effect of DMPG was especially pronounced at 6 weehs. 2 weeks after the
boosting injection.

Effect of fatiphospholipid molar ratio on immunogenicity

The infiuence of fat/PL molar ratio on the immune response o liposphere-encapsulated R3I2NS T is shown
in Figs. 7 and 8. Among the fat/PL molar ratios tested (0.75. 1.25. and 2 501, the maximal level of fgG
antibody activity was obtained at aratio of 0.75 (Fig. 7). At{arger values of fatPL a decrease in antibody fevel
wie ehearved, Exeept for one value at week 8. no signiticant differences in 1gG antibodics were observed at
fat/PL. ratios of 1.25 and 2.50.

DISCUSSION

The results presented in this study demonstrate that excellent immunogenice efficacy can be achieved by
using liposphere-based formulations and that Lipospheres reprosent » novel vaecine carrier. Lipospheres can
be viewed as an o/w system that has intermediate characteristics between liposomes and oil emulsions.
Lipospheres differ from liposomes in that their internal phase is a hydrophobic fat core. compared to an
internal aqueous phase in liposomes. The fat that is present in lipospheres differs from the ol widely emploved
in cmulsions, such as IFA or intravenous far emulsion, in that the fat of hipospheres ix solid at the time of
manufacture at room iemperature and may cven be solid at 37°C. Incontrast to certain otl emuisions Gneluding
IFA). the liposphere approach utilizes only naturally occurring biodegradable lipid constituents (¢ g,
triglycerides and lecithin). The surface activity of Tipospheres is provided by the phosphotipid component
cmbedded in the particle surface.
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FIG. 5. Effect of phospholipid composition on immunogenicity of lipospheres containing encapsulated RIINST Two
formulations made of ethylstearate and differing in their phosphoelipid composition (PC compared o PC DMPG 703
molar ratioy were injected in rabbits (4 per groupy at O and 4 weeks. and the [gGantibody responses i their sera were
measured with time. Each point represents the mean ELISA abworbance sadue after subtractiop of the preimmunce salue o
a serum dilution of 12 2000 Antigen dose = 100 pgrabbit. Fat phospholipid molar ratio = 2.580. Al the vadues i hoth
curves were significantly different (p <. 0,050 two-tailed Student's £ test) |

—(O— EggPC
—@— Egg PC:DMPG (7:3)

1.0 1

0.5 1
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0.0+— —— T T " T
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FIG. 6. 1gG antibody activity at 6 weeks in rabbits immunized teice Gat O and 4 weeks) wath 100- e doses of R32NS
malaria antigen encapsulated in lipospheres composed of ethylstearate and PC or PC.DMPG (7 3 at a Gt phosphohipid
molar ratio of 2.50. Each puint represents the mean antibody response (4 rabbits per group) at the indicated serum ditution
atter subtraction of the preimnume value. All the values in both cosves were signaficantly different (p - 0,05 two-tailed
Student’s £ test).
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FI1G. 7. Effect of fat/phospholipid molar ratio on the simmonogenicits of Iipospheres contamoy encapaalated RIINSY
in rabbits injected with two 100-pg antigen doses at O and 4 weeks. Each point represents the mean absorbance value atier
subiraction of the preimmune value af a serum difution of 12 2000 Except for one pomntat week S the yvalues inthe cusves
for F/PL = 1.25 and 2.50 were not significantly dificrent (p = 0.803%)

It was previously shown that a recombinant antigen (R32NS 1) containing tetrapeptide epitopes derived
from the circumsporozoite protein of P. fulciparum was poorly immunogenic i hunnns when ingecied alone
as an aqueous solution. or when adsorbed on alum.™ The immunogenicity of R32NST was murkedls
increased in humans when the antigen was encapsulated in alum-adsorbed liposomes containing monophos-
phoryl lipid A.'’ The present study demonstrates that very high levels of TgG antibody production.
comparable to those obscrved with lipoyomes, appeared 10 the serum of rubbits immuntzed with Lipospheres
containing RIZNST and lipid A. especially after the boosting injection. The magor purpose of this study was
to characterize the properties of the lipospheres by investigating the influence of the physicad structore of
lipospheres on the immunogenicity of R3I2NSI.

An inferesting correlation was observed between the hposphere fatPL molar ratio, particle size, and
immunogenicity. Low tat/Pl. ratios (0,753, which result in the formation of fipospheres of small particle size
(70% with an average size of ~6 wmy), resulted in increased antibody titers (Fig. 7). Although the reason for
this phenomenon is unknown, a possible explanation may be the occurrence of better antigen orientation and
epitope exposures in smali lipospheres when compared to large hipospheres because of higher surlace
curvature. A similar phenomenon has also been reported with small liposomes which generated higher
antibody titers against encapsulated antigen than large liposomes.

The immunogentcity of liposphere-associated R32NS |t was increased by the incorporation of a negatively
charged lipid (DMPG) in the liposphere lipid phase. Effects of lipid charge have also been observed with
certain antigens in liposomes. Negatively charged liposomes praduced abetter immunce response to diphthena
toxoid than positively charged fiposomes.” However, when liposomes were prepared with other antigens.,
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FIG. 8. ipG anvbody activity at 6 weeks 1 rabbits immunized twice tat O and 3 weeksy with Fo e doses o
liposphere-encapsulated RI2NST having fat-to-phospholipid molar ratios of 6751 25 and 2,50, Lach point represents
the mean antbody response (4 rabbits per group) et the indicated serum difution atter subtraction of the preimmune s
Except lor one point af week 8. the values in the curves for FPL o= 128 and 230 were not signiticant!y dilieremt
{(p = 0803,

positively charged liposomes worked cqually as well as those bearing a negative charge ' Further studies
will determime whether negative charges in Jipospheres have generaf abilities 1 enhance immunogenicity or
whether. as with hposomes. charge effects are dependent on individual antigen composition

Binding of antigen to a surface, or presentation of a special type of surface for antigen adsorption, appears
to be a property that is found with many agents that are reported to have adjuvant activities. '™ The data
obtained with the liposphere-encapsulated antigen in the present study suggests that g relationship exasts
between the physicochemical surface properties of lipuspheres and their ability to serve ws adjuvants, Bt has
been proposed by Hunter er af. ™ that the abilitics of surfactants o act as adjuvants are dependent on thei
capability of concentrating adjuvant and immunogen on hydrophobic surfuces. where they are more
ctfectively presented to cells of the immune system. Afthough this suggests that surfactants can have adjuvant
properties. it is cautioned that selectivity must be exercised in devising safe and efficucious adjuvant sy stems
because of the existence of thousands of surface-active agents. As pointed out elsewhere, To tmmunologists
not familiar with surface science. choosing adjuvant-active substances without guidelines is nearly impossi-
ble. ™"

The present study suggests that lipospheres are a unigue formulation that may have usetul apphcations as
carriers of vaccines, Amonyg the advantages of lipospheres are the following. First. after formulution the
lipospheses can be used in a "dry” form without concern about release of antigen or adjuvant such as nught
oceur with a wet vesicle suspension such as tiposomes. Second. there is no need for the presence of a stabilizer
such as Arlacel A that is utilized in Freund's adjuvant. Third. the manufacturing techniques for lipospheresare
relatively simple. thereby leading to the expectation that scaling-up procedures might be casily accomphshed.
Fourth. the ingredients used for manufacture of lipospheres are relatively inexpensive, Fifth, it a hpophil
adjuvant. such as lipid A, should prove to be necessary with a given antigen, it can also be incorporated into
the fat phase of the lipospheres.
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